Background National databases are being used with increasing frequency to conduct orthopaedic research. However, there are important differences in these databases, which could result in different answers to similar questions; this important potential limitation pertaining to database research in orthopaedic surgery has not been adequately explored. Questions/purposes The purpose of this study was to explore the interdatabase reliability of two commonly used national databases, the Nationwide Inpatient Sample (NIS) and the National Surgical Quality Improvement Program (NSQIP), in terms of (1) demographics; (2) comorbidities; and (3) adverse events. In addition, using the NSQIP database, we identified (4) adverse events that had a higher prevalence after rather than before discharge, which has important implications for interpretation of studies conducted in the NIS. Methods A retrospective cohort study of patients undergoing operative stabilization of transcervical and intertrochanteric hip fractures during 2009 to 2011 was performed in the NIS and NSQIP. Totals of 122,712 and 5021 patients were included
from the NIS and NSQIP, respectively. Age, sex, fracture type, and lengths of stay were compared. Comorbidities common to both databases were compared in terms of more or less than twofold difference between the two databases. Similar comparisons were made for adverse events. Finally, adverse events that had a greater postdischarge prevalence were identified from the NSQIP database. Tests for statistical difference were thought to be of little value given the large sample size and the resulting fact that statistical differences would have been identified even for small, clinically inconsequential differences resulting from the associated high power. Because it is of greater clinical importance to focus on the magnitude of differences, the databases were compared by absolute differences. Results Demographics and hospital lengths of stay were not different between the two databases. In terms of comorbidities, the prevalences of nonmorbid obesity, coagulopathy, and anemia in found in the NSQIP were more than twice those in the NIS; the prevalence of peripheral vascular disease in the NIS was more than twice that in the NSQIP. Four other comorbidities had prevalences that were not different between the two databases. In terms of inpatient adverse events, the frequencies of acute kidney injury and urinary tract infection in the NIS were more than twice those in the NSQIP. Ten other inpatient adverse events had frequencies that were not different between the two databases. Because it does not collect data after patient discharge, it can be implied from the NSQIP data that the NIS does not capture more than 1 . 2 of the deaths and surgical site infections occurring during the first 30 postoperative days. Conclusions This study shows that two databases commonly used in orthopaedic research can identify similar populations of operative patients but may generate very different results for specific commonly studied comorbidities and adverse events. The NSQIP identified higher rates Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. 
Introduction
National databases are being used with increasing frequency to conduct orthopaedic research. Two of the most commonly used databases are the Nationwide Inpatient Sample (NIS) [4] and the American College of Surgeons National Surgical Quality Improvement Program (NSQIP) [2, 8] . The number of orthopaedic surgery publications that cite these databases has increased dramatically in the last several years ( Fig. 1 ) [12] . For example, recent studies using the NIS have investigated the effects of comorbidities on hospitalization costs after hip fracture [13] , risk factors for elderly patients undergoing total joint arthroplasty [5] , and perioperative morbidity and mortality after bilateral THAs [17] . Similarly, recent studies using the NSQIP have investigated risk factors for morbidity and mortality after knee arthroscopy [11] , risk for morbidity and mortality after hip fracture surgery [16] , and factors independently associated with complications and length of stay after hip arthroplasty [14] .
Any study has inherent limitations and biases that stem from the type and quality of data on which it is based. The large numbers of patient records available in national databases do not make studies using them immune to such issues. Given the increasing use of national databases for orthopaedic research, it is important to understand the differences between databases, because these differences may result in different answers to similar questions, depending on which database is used. There are differences between the NIS and NSQIP that potentially could lead to generation of different answers (Table 1) .
We aimed to investigate these issues, exploring the interdatabase reliability of the NIS and NSQIP with respect to operative stabilization of hip fractures-a frequent procedure in orthopaedic surgery, one that is commonly studied, and one for which early outcomes are particularly important. We compared the databases in terms of (1) demographics; (2) comorbidities; and (3) adverse events. In addition, using the NSQIP database, we identified (4) adverse events that had a greater prevalence after rather than before discharge, which has important implications for the interpretation of studies conducted using the NIS.
Materials and Methods
A retrospective cohort study of patients with hip fractures undergoing operative stabilization during 2009 to 2011 was performed using the NIS and NSQIP databases. From both databases, we initially identified all cases of transcervical fractures (ICD-9 code 820.0x) and intertrochanteric fractures (ICD-9 code 820.21). From these, we selected cases associated with a procedure code indicating operative stabilization: from the NIS, cases associated with an ICD-9 procedure code of 78.55, 79.15, 79.35, 81.51, or 81.52; from the NSQIP, cases associated with a CPT code of 27125, 27130, 27235, 27236, 27244, or 27245. Subtrochanteric hip fractures are less common and more variable in presentation and outcome and thus were not included in our study.
From the NIS and NSQIP, respectively, 122,712 and 5021 operatively stabilized patients with hip fractures were identified and constitute the study population.
To make patients less identifiable, NSQIP reports all patients older than 90 years as 90 years old. To make data comparable, we similarly considered patients in the NIS who were older than 90 years to be 90 years old. The NIS and NSQIP record and directly report total hospital length of stay in calendar days.
Eight commonly studied comorbidities for which the presence could be identified in the NIS and NSQIP were selected (Appendix 1) and compared between databases. Twelve commonly studied adverse events for which the occurrence could be identified in the NIS and NSQIP were selected (Appendix 2) and compared between databases.
Tests for statistical difference were thought to be of little value given the large sample size and the resulting fact that [12] for the terms ''Nationwide Inpatient Sample'' or ''National Surgical Quality Improvement Program'' on November 19, 2013 are shown. Only original research studies were included. In total, there were 72 studies using the NIS and 12 using the NSQIP. statistical differences would have been identified even for small, clinically inconsequential differences resulting from the associated high power. Because it is of greater clinical importance to focus on the magnitude of differences, the databases were compared by absolute differences.
First, age was compared in terms of percentiles. Second, sex and fracture type were compared by categorical distribution. Third, length of stay was compared in terms of percentiles. Finally, comorbidity and adverse event rates were compared. To make the adverse event rate comparisons most direct, given that NSQIP captures events before and after discharge (although the NIS captures only inpatient adverse events), adverse events in the NSQIP were categorized as having occurred before discharge (including any time on the day of discharge) or after discharge (shown on graphs but not able to be directly compared with the NIS). Events in NSQIP occurring before discharge were directly compared with events occurring in the NIS. For the comorbidity and adverse event comparisons, comorbidities and adverse events were organized into three groups: (1) the rate in NSQIP was more than twice that in the NIS; (2) the rate in the NIS was more than twice that in the NSQIP; and (3) neither of the prior conditions were fulfilled (the rates had less than a twofold difference).
Results
The demographics in the two databases were not different between the two populations of operatively stabilized patients with hip fractures. The age distributions for the NIS and NSQIP were similar with differences among the 25th, 50th, and 75th percentiles of no more than 1 year ( Fig. 2 ). Categorical distributions of sex and type of fracture also were similar with differences no more than one percentage point ( Table 2 ). The length of stay distributions were not different. The numbers of days after surgery at which 75%, 50%, and 25% of patients remained in the hospital were identical ( Fig. 3 ). To make patients less identifiable, the NSQIP reports all patients older than 90 years as 90 years; to make data comparable, we treated patients in the NIS who were older than 90 years as 90 years. The regularly spaced spikes in the distributions are the result of some states' requirements that age be rounded to make data less identifiable.
Despite yielding demographically similar populations, prevalences of comorbidities differed in the two databases ( Fig. 4 ), in which three distinct groups of relative prevalence were identified. First, the prevalence documented in the NSQIP was more than twice that in the NIS for nonmorbid obesity (BMI, 30-40 kg/m 2 ), coagulopathy, and anemia. Second, the prevalence documented in the NIS was more than twice that in the NSQIP for peripheral vascular disease. Third, the prevalences documented in the two databases were within a twofold difference for morbid obesity (BMI [ 40 kg/m 2 ), chronic obstructive pulmonary disease, diabetes, and hypertension.
Similarly, we found certain adverse events rates greater in the NIS compared with the NSQIP before discharge ( Fig. 5 ). First, the frequency documented in the NIS was more than twice the frequency documented in the NSQIP before discharge for acute kidney injury and urinary tract infection. Second, the frequency documented in the NSQIP before discharge was within a twofold difference of the frequency documented in the NIS for surgical site infection, cardiac arrest, stroke, pulmonary embolism, deep vein thrombosis, sepsis, mortality, myocardial infarction, postoperative intubation, and pneumonia.
The rate of adverse events documented in the NSQIP after discharge and within 30 days of surgery actually exceeded that documented in the NSQIP before discharge for surgical site infection and mortality (Fig. 5 ).
Discussion
National databases are increasingly being used as data sources for orthopaedic surgery research. Conclusions are being drawn from well-powered, well-constructed studies. However, questions regarding the validity and consistency of such conclusions have not been fully addressed. We investigated the interdatabase reliability of the NIS and NSQIP.
Our study has two main limitations. First, it lacks patient-identifiable data with which to directly compare results on a patient-by-patient basis for a genuine measure of validity. As a result, it can identify differences between the databases, but it cannot verify which database is performing more accurately. Second, there is the potential for bias resulting from comparison of nonequivalent parameters. That is, because the ICD-9 codes in the NIS were selected by us to approximate NSQIP criteria, in some cases, these approximations may have been imperfect. In this study, two cohorts undergoing the same orthopaedic procedure, each selected from national databases that use very different methods for data acquisition, were shown to have appropriately similar demographics and hospital lengths of stay. This indicates that the two databases can be used to identify similar populations of patients for studies of patients undergoing specific orthopaedic procedures.
With respect to comorbidities, the two databases documented prevalences that differed by more than twofold from each other for four of eight commonly studied comorbidities, including nonmorbid obesity, coagulopathy, anemia, and peripheral vascular disease. These findings raise concerns regarding the external validity of orthopaedic database research involving these comorbidities. For the analysis conducted in the NSQIP, the prevalence of nonmorbid obesity was determined from height and weight variables directly reported in the data set. In contrast, for the analysis conducted in the NIS, the prevalence was determined from ICD-9 codes. It appears that in many cases in which the height and weight of patients included in the NIS would have indicated obesity, obesity simply is not being coded for by hospitals and therefore is not documented in the NIS. Some orthopaedic publications using NIS have used ICD-9 codes to study obesity and are affected by this result [6, 7, 9, 15, 17] . Anemia showed a similar pattern and a similarly large number of NIS studies in orthopaedics may be affected [11, 13, 18] . Coagulopathy was documented just more than twice as often in the NSQIP as in the NIS. This difference may be because the NSQIP considers patients receiving chronic anticoagulation therapy to have ''coagulopathy'' if the anticoagulant is not discontinued before surgery (including any case in which there is not explicit documentation of anticoagulant discontinuation in the medical record) [2] . Coagulopathy in the NIS, however, was determined using the ''cm_coag'' comorbidity variable, which is based on an array of ICD-9 codes indicative of inherited or acquired coagulopathies that do not include anticoagulant therapy [1] . In this case, neither database is necessarily documenting patients more accurately than the other; investigators should merely be aware of this difference in definitions when conducting and interpreting research. Finally, the opposite pattern was observed for peripheral vascular disease with the prevalence in the NIS more than twice that in the NSQIP. It is 3 the rate documented in the NSQIP was more than twice that in the NIS. For comorbidities shown in the lower 1 .
3 the rate documented in the NIS was more than twice that in the NSQIP. In the middle 1 . 3 the rates documented in the two databases were within a twofold difference of each other. not clear which database is performing more accurately. The interpretation of some orthopaedic studies may be affected [5, 11, 16, 17] .
With respect to inpatient adverse events, the two databases documented similar frequencies of 10 of 12 commonly studied inpatient adverse events, supporting the validity of the NIS, NSQIP, and related databases for the study of these events. However, acute kidney injury and urinary tract infection before discharge were documented in more than twice as many patients in the NIS as in the NSQIP. This is most likely related to the strict criteria for documentation of these adverse events set by the NSQIP and the contrastingly more liberal ICD-9 coding used by the hospitals that contribute to the NIS. For example, in the NSQIP, urinary tract infection can be documented only if very specific criteria involving combinations of signs, symptoms, and laboratory results are clearly documented in the patient's chart [2] . In contrast, there are no such discrete guidelines in ICD-9 coding [4] . A patient may be categorized as having ''urinary tract infection'' (ICD-9 code 599.0) without having met any specific criteria. Similarly, specific criteria involving a minimum increase in creatinine and/or dialysis requirement are set for acute kidney injury in the NSQIP [2] that may not always be met when the ICD-9 code for acute kidney injury (584.x) is used [4] . Our data do not suggest that either system is performing more accurately than the other; however, that the NSQIP requires these specific criteria to be documented in the medical record likely explains why the frequencies documented in the NSQIP are lower than those in the NIS. Some recent studies may be affected by these findings [10, 11, 14, 16, 19] .
Although the rate documented in the NSQIP after discharge was low for some adverse events, this rate actually exceeded that documented in the NSQIP before discharge for surgical site infection and mortality. This finding highlights a limitation of the NIS, which contains data on patients only before discharge, to study these outcomes. That is, surgical site infection and mortality within 30 days of surgery are actually more likely to be missed by the NIS than to be documented by it. There are NIS studies that this observation affects [5, 13, 17, 19] .
During 2009 to 2011, the years from which we drew data for this study, hospitals applied for reimbursement using ICD-9 codes. As a result, inpatient databases were coded using ICD-9 codes. However, the deadline for United States hospitals to adopt the newest form of the ICD, the ICDl-10, is October 1, 2014 [3] . As hospitals convert to the ICD-10, so too will the data that are available in the NIS. The ICD-10 code set is not a simple update of the ICD-9 code set [3] . There is a fundamental change in structure and concept, with the most important purpose to increase the specificity of the coding. For example, while in ICD-9 a burn on the left arm could not be differentiated from a burn on the right, with the ICD-10, these will have separate codes. The aim of these improvements is to increase specificity for reimbursement purposes, as it is helpful for payers to more clearly understand that there were two arms burned, not just one. However, the benefits for researchers will be significant as well. Whether having NIS data encoded in the ICD-10 format rather than ICD-9 would have changed the results of our study cannot be known; however, as discussed above, we posit that the discrepancy observed, for example, in obesity, is not an error of the specificity of the coding system, but more likely an error in the accuracy of coding practice.
As database studies become more common in orthopaedic surgery, authors, reviewers, and readers should pay careful attention to the sources of data from which study results are drawn. We found that two commonly used databases can be used to identify similar populations of orthopaedic patients. However, the databases document obesity, coagulopathy, anemia, peripheral vascular disease, acute kidney injury, and urinary tract infection at different rates, potentially affecting the interpretation of many orthopaedic studies [5-7, 9-11, 13-19] . Specifically, for example, many of these studies claim to identify ''incidence 2, the rate documented in the NIS was more than twice the rate documented in the NSQIP before discharge. For events shown in the upper 1 .
2, the rate documented in the NIS and the rate documented in the NSQIP before discharge were within a twofold difference of each other. For the NSQIP, the percent of patients with adverse events after discharge can be added to the percent of patients with adverse events before discharge to get the total rate of adverse events during the first 30 postoperative days. and risk factors'' (''incidence'' often is casually acquainted to the term ''frequency'' used here) of various postoperative adverse events. We showed that these estimates of frequency can vary tremendously based on the database used; therefore, studies claiming to identify the frequency of adverse events should be interpreted with caution. The risk factor identification portions of these studies may or may not be more valid; our current study cannot address this. As a result of the inpatient-only nature of their data, the NIS and other ICD-9-based databases may capture only fractions of events occurring during the first 30 postoperative days. For this reason, the NSQIP is particularly well suited, and the NIS and other inpatient-only databases are particularly poorly suited, for studying events that occur late during the postoperative course (after discharge; surgical site infection and mortality in the case of hip fracture studies). Although we analyzed a majority of the adverse events available in the NSQIP database (those for which ICD-9 codes from the NIS could be appropriately matched), we analyzed only a small fraction of potentially available ICD-9 codes from the NIS. For this reason, the NIS is well suited for studying a wide range of rare postoperative adverse events that are not collected in the NSQIP-directed review of medical records. 
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